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FOREWORD  * 

' i 

This  report  summarizes  results  of  tests  performed  by  Raytheon  Company, 

Sudbury,  MA,  for  Aeronautical  Systems  Division,  Deputy  for  Engineering,  Wright-Patterson  | 

Air  Force  Base,  OH,  under  contract  F3361 5-73-C-0678.  The  work  was  performed  between  ^ ^ 

May  and  December  1974,  and  J.  H.  Howard  was  project  engineer.  i 

I 

The  work  was  sponsored  by  JTCG/AS  as  part  of  the  3-year  TEAS  (Test  and  | 

Evaluation,  Aircraft  Survivability)  program.  The  TEAS  program  was  funded  by  DDR&E/  J 

ODDT&E.  The  effort  was  conducted  under  the  direction  of  the  JTCG/AS  Survivability  | 

Assessment  Subgroup  as  part  of  TEAS  element  5. 1.7. 1/3,  Component  and  Aircraft  ) 

Assessment. 


This  report  uses  the  rectangular  and  ellipsodial  projection  techniques  to  convert  six 
cardinal  views  into  26  views  for  attrition  modeling  purposes.  Also  included  are  presented 
area  computation  techniques. 


NOTE 

This  technical  report  was  prepared  by  the  Vulnerability  Assessment  Subgroup  of  the  Joint 
Technical  Coordinating  Group  on  Aircraft  Survivability  in  the  Joint  Logistics  Commanders' 
organization.  Because  the  Services'  aircraft  survivability  development  programs  are  dynamic  and 
changing,  this  report  represents  the  best  data  available  to  the  subgroup  at  this  time.  It  has  been 
coordinated  and  approved  at  the  JTCG  subgroup  level  The  purpose  of  the  report  is  to  exchange 
data  on  all  aircraft  survivability  programs,  thereby  promoting  interservice  awareness  of  the 
DOD  airaaft  survivability  program  under  the  cognizance  of  the  Joint  Logistics  Commanders. 
By  careful  analysis  of  the  data  in  this  report,  personnel  with  expertise  in  the  aircraft 
survivability  area  should  be  better  able  to  determine  technical  voids  and  areas  of  potential 
duplication  or  proliferatioa 
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INTRODUCTION 


Requirements  for  JTCG/AS  test  and  evaluation  resulted  in  (vulnerable  area)  data 
being  developed  for  only  six  cardinal  views.  These  views  are  defined  using  the  positive  and 
negative  directions  along  the  axes  through  the  aircraft  centroid,  as  shown  in-Figtife  I.  Six 
views  are  insufficient  for  attrition  modeling  purposes.  For  example,  POOl  *■  'required 
26  views  which  must  be  obtained  by  projection  of  the  six  cardinal  views.  This  can  be 
accomplished  using  either  an  R (rectangular)  or  E (ellipsodial)  projection  technique.  To 
determine  the  better  technique,  Raytheon  was  taske^  by  ASD  (Aeronautical  Systems 
Division),  Directorate  of  Systems  Engineering  (ASD/ENFTV),Wright-Patterson  Air  Force 
Base,  OH^  to  evaluate  the  relative  merits  of  the  two  techniques.  The  scope  was  later 
expanded  to  include  an  examination  of  the  Al^f (presented  area)  computation  techniques 
used  in  the  POOl,  SIMFIND  2^7HHd  EVADE  II*  attrition  models. 


ANALYSIS 


The  26  Ap  views  required  for  POOl  shown  in  Figure  1 are  obtained  from  seven 
principal  views.  Only  the  octrant  is  shown;  spatial  relationships  of  the  points  in  the  other 
quadrants  are  identical.  Due  to  aircraft  sym'metry  and  interest  in  Ap  to  projectiles  only,  the 
26  views  can  be  reduced  to  seven  principal  views  (Table  1 and  Figure  1),  since  the  remaining 
19  are  mirror  images.  Equivalencies  are  listed  in  Table  2. 

The  seven  views  can  be  approximated  using  the  six  cardinal  views  (footnote  l)and  are 
calculated  using  R and  E projections  as  shown  in  Eq.  (1 ) and  (2): 


= Ap|‘F-D|+  AsI's-D|+  AjI  T-dI 

(1) 

Ap^  = y (Ap  ?•  D)2  + (As  ?-D)2  + (A-p  T- D)^ 

(2) 

where; 

1^  = direction  of  shot  unit  vector 
F = front  of  aircraft  unit  vector 
S = side  of  aircraft  unit  vector 
T = top  of  aircraft  unit  vector 


*Air  I orcc  Armament  Test  Laboratory.  POOl  Ami-Aircraft  Artillery  Simulation  Computer  Program,  Eglin  AFB,  l‘L, 
Al- ATL,  November  1972.  (Volume  II,  publication  UNCLASSIEIED.) 

^Armament  Systems,  Inc.  SIMFIND  2 Digital  Simulation  [or  Aircraft  Survivability,  Anaheim,  CA,  ASE,  March  1973. 
(Volume  II,  publication  UNCLASSIEIED.) 

^FVADF  II.  A Simulation  Program  for:  evaluation  of  Air  Defense  Effectiveness,  February  1973.  (Volume  II, 
publication  UNCLASSII  lED,) 
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Using  the  definition  of  0 (degrees  latitude)  and  0 (degrees  longitude)  from  Figure  1, 
Eq.  (1)  becomes: 


I 

r 

f 


f 

k 

i, 

i 

f 

F 


t 

i 


I 


f 


Ap^  = Ap|sin0  cos0|  + Ag|sin0  sin0|  + Ajl  cos0| 


(3) 


and  Eq.  (2)  becomes 


Ap^  = >/(Ap  sin  0 cos  0)^  + (Ag  sin  0 sin  0)^  + (Aj  cos0)^  (4) 


The  areas  associated  with  the  seven  principal  views  were  calculated,  using  Eq.  (3)  and 
(4),  for  the  A-4,  A-7,  A-10,  and  OV-10.  ASD/ENFTV  provided  data  for  each  of  the 
aircraft  which  served  as  the  standard  of  comparison.  Using  tlie  SHCffCEN^  descriptions  of 
the  A-4,  A-7,  and  OV-10,  the  seven  principal  aspects  were  plotted  and  the  areas  measured  by 
a Hewlett-Packard  model  9864A  digitizer.  A similar  method  was  used  for  the  A-10.  Table  3 
contains  the  areas  calculated  using:  (1)  the  assumed  correctly  measured  areas;  (2)  the  R and 
E projections;  and  (3)  the  resulting  percentage  of  error.  For  examples  of  projection,  refer  to 
the  appendix. 


Pool  accepts  26  views  as  input  and  uses  an  L (linear)  interpolation  technique  to 
develop  Ap  data  for  all  nonprincipal  views  (see  footnote  1).  SIMFIND  2 and  EVADE  II 
accepts  the  Ay  data  for  the  six  cardinal  views  as  input  and,  using  either  an  R or  E projec- 
tion, approximate  the  Ap  for  each  point  of  interest.  (See  footnotes  1 and  2.) 


The  computation  schemes  of  the  three  attrition  models  were  evaluated  by  computing 
the  Ap  for  a number  of  points  on  the  total  viewing  sphere  and  comparing  these  with  a 
baseline  case.  The  Ap  were  calculated  for  all  (0,  0)  combinations  on  the  viewing  sphere 
where: 


0 = n ( 1 5 degrees)  with  0 < 0 < 1 80  degrees  and  n = 0,1,2.  ..12  j 

i 

0 = m ( 1 5 degrees)  with  0 < 0 < 360  degrees  and  m = 0,1,2.  ..24  ] 


The  baseline  case  was  constructed  using  a binomial  curve  fit  through  the  correct  principal 
areas  for  a constant  0 or  0. 


^SHOT  Generator  Computer  Program,  July  1970.  (Volume  II.  publication  UNCLASSII'IFD.) 
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A FOM  (figure  of  merit)  was  devised  to  facilitate  the  evaluation  and  is  defined  by: 


FOM 


100 

N 


N 

Z 

i = 1 


(^  ■ 


sin  0 


(5)  J 

J 

I 


I 
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where: 

Aj  = computed  value 

Ajg  = from  binomial  fit  to  actual  areas 
N = number  of  views 

The  scheme  used  for  selecting  points  on  the  viewing  sphere  did  not  produce  a uniform 
distribution. 

When  (f>  in  Figure  1 is  less  than  90  degrees,  the  space  angle  between  any  two  viewing 
points  with  the  same  value  for  0 is  smaller  than  the  value  of  A\p  used  to  generate  them.  The 
angle  formed  by  these  two  points  is  equal  to  A0  sin  0.  To  correct  for  the  nonuniformity  of 
density,  the  errors  used  to  obtain  the  FOM  were  multiplied  by  the  weighting  factor,  sin  0. 
These  data  are  presented  in  Table  4. 

Ap  were  calculated  and  FOM  determined  for  each  aircraft.  Ap  for  each  point  were 
obtained  for  five  cases:  three  used  the  POOl  method  and  two  used  R and  E projection.  Tlie 
EVADE  II  model  computes  either  R or  E projections  while  the  SIMFIND  2 model  computes 
both. 


The  26  views  used  by  the  L method  were  the  measured  and  R and  E projection 
approximated  areas. 


CONCLUSIONS 


Comparison  of  R and  E projection  (Table  3)  indicates  that  the  amount  of  error  for 
each  aspect  is  aircraft  dependent.  The  E projection  appears  to  be  better  for  the  A-4,  A-7, 
and  A-10.  The  R projection  yields  more  accurate  results  for  the  OV-10,  which  has  more 
rectangular  profiles.  For  the  A-10,  which  is  somewhat  boxy,  the  E projection  yields  only 
slightly  better  results  than  R,  strengthening  the  implication  that  errors  are  introduced  as  a 
result  of  aircraft  shape*. 


•^Air  I orcc  Institute  of  Teehnolotiy.  The  Effect  of  Shape  on  Aircraft  Vulnerable  Area  and  Probability  of  Kill  for  an 
Anti-Aircraft  Simulation,  by  J.  P.  VerStreate,  Al  IT,  March  1974.  ((IA/MC/74-19,  publication  UNCLASSIMlvD.) 
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The  evaluation  of  the  techniques  for  computing  Ap  (see  Table  4)  by  a FOM  yielded 
different  results  from  those  discussed  previously.  In  Table  4,  the  26  L measured  was  best  for 
the  A-4,  A-7,  and  A- 10,  while  the  26  R was  better  for  the  OV-10.  In  general,  the  amount  of 
error  using  26-view  methods  was  less  than  the  other  methods. 

Generation  of  the  26  views  for  POOl  from  the  six  cardinal  views  requires  use  of  the 
FOM  in  selecting  the  appropriate  approximation  technique.  That  is,  the  seven  prime  areas 
should  be  generated  using  both  R and  E projection  and  the  FOM  computed  for  each.  In  this 
way  the  best  method  is  selected  for  the  particular  aircraft  of  interest. 

SIMFIND  2 and  EVADE  II  methods  require  computing  a FOM  to  determine  whether 
R or  E projection  is  more  accurate  for  earh  type  aircraft  in  the  program. 


RECOMMENDATIONS 


implete  study  should  be  undertaken  for  a larger  variety  of  aircraft  using 
act  rmining  the  FOM  rather  than  a binomial  curve  fit. 

ijaitd  on  the  results  of  this  study,  the  Ap  computation  methods  used  in  SIMFIND  2 
and  EVADE  II  should  be  reviewed  to  determine  techniques  to  improve  accuracy. 


NOTE:  TOP 


Figure  1.  Seven  Principal  Views. 
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Table  1.  26  Required  Views. 


View 

0,  deg 

0,  deg 

View 

0,  deg 

0,  deg 

1 

0 

0 

14 

90 

180 

2 

45 

0 

15 

90 

225 

3 

45 

45 

16 

90 

270 

4 

45 

90 

17 

90 

315 

5 

90 

0 

18 

135 

0 

6 

90 

45 

19 

135 

45 

7 

90 

90 

20 

135 

90 

8 

45 

135 

21 

135 

135 

9 

45 

180 

22 

135 

180 

10 

45 

225 

23 

135 

225 

11 

45 

270 

24 

135 

270 

12 

45 

315 

25 

135 

315 

13 

90 

135 

26 

180 

0 

Table  2.  Mirror  Image  Equivalencies  of  Principal  Views. 


View 

Principal 

Equivalent 

0,deg 

0,  deg 

0,  deg 

0,  deg 

1 

0 

0 

180 

0 

2 

45 

0 

135 

0 

45 

180 

135 

180 

3 

45 

45 

135 

45 

45 

135 

135 

135 

45 

225 

135 

225 

45 

315 

135 

315 

4 

45 

90 

135 

90 

45 

270 

135 

270 

5 

90 

0 

90 

180 

6 

90 

45 

135 

45 

225 

45 

315 

45 

7 

90 

90 

90 

270 

5 
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Table  3.  Prime  Area  Calculations. 


33.77 

33.77 

0.0 

33.77 

0.0 

24.76 

27.09 

9.4 

24.09 

-2.7 

24.21 

36.25 

49.7 

26.03 

5.5 

29.07 

38.17 

31.3 

27.83 

-4.3 

4.54 

4.54 

0.0 

4.54 

0.0 

15.26 

17.50 

14.7 

14.65 

-4.0 

20.21 

20.21 

0.0 

20.21 

0.0 

53.48 

53.48 

0.0 

53.48 

0.0  ; 

39.01 

42.08 

7.7 

38.05 

-2.5 

40.01 

57.29 

43.2 

41.36 

3.4 

48.82 

61.14 

25.2 

44.43 

-9.0 

5.96 

5.96 

0.0 

5.96 

0.0 

24.37 

27.54 

13.0 

23.71 

-2.7 

32.99 

32.99 

0.0 

32.99 

0.0 

77.94 

77.94 

0.0 

77.94 

62.81 

65.63 

4.5 

56.11 

65.26 

75.62 

15.9 

57.13 

65.39 

73.54 

12.5 

58.13 

14.88 

14.88 

0.0 

14.88 

23.34 

29.00 

24.2 

21.26 

26.13 

26.13 

0.0 

26.13 

40.84 

40.84 

0.0 

40.84 

0.0 

29.50 

34.39 

16.6 

29,40 

-0.3 

36.66 

40.19 

9.6 

30.07 

-18.0 

39.95 

39.36 

-1.5 

30.72 

-23.1 

7.80 

7.80 

0.0 

7.80 

0.0 

15.52 

16.00 

3.1 

11.85 

-23.7 

14.83 

14.83 

0.0 

14.83 

0.0 

^Assumad  correct 


Table  4.  Weighted  FOM. 
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APPENDIX 


Equations  3 and  4 for  R and  E projection  are  as  follows: 

= Ap  I sin  <t>  cos  i// 1 + Agl  sin  (>  sin  i// 1 + Ap|  cos  0| 


App  = sin  0 cos  + (Ag  sin  0 sin  i//)^  + (Aj  cos0)^ 


Using  one  of  the  seven  principal  Ap  areas,  the  A-7  has  front,  side,  and  top  areas  of 
5.96,  32.99,  and  53.48  respectively.  For  the  view  between  the  side  and  top  0 = 45  and 
ij/  = 90. 

A^  = 5.96  I sin  45  cos  90 1 + 32.99 1 sin  45  sin  90  | + 53.48  | cos  45  1 


= 0 + 23.327  + 37.816  = 61.14 


Ap^  = }/(5.96  sin  45  cos  90)^  + (32.99  sin  45  sin  90)^  + (53.48  cos  45)“ 

= + (32.327)2  +737.816)2  = 44.43 

For  Ap  computation  method  comparison  where  0 = 60  deg,  = 30  deg  and  for  the 
L interpolation; 

0 = 45  deg,  i!/  = 0 deg  39.01 

<l>  = 90  deg,  \l/  = 0 deg  5.96 

0 = 45  deg,  0 = 45  deg  40.01 

<p  = 90  deg,  0 = 45  deg  24.36 


F^  = 0/45  = 60/45  = 1.333 
= F^  = 1.333  = 1 
= F^-I^  = 1.333-1  = 0.333 


F^  = 0/45  = 30/45  = 0.667 
l0  = = 0.667  = 0 

^0  = F^  - = 0.667  - 0 = 667 


Apj^  = (1-A0)(1-A0)A(45,O)  + A0A(45,45)  + A0(1-A0)A(9O,O)  + A0A(9O,45) 
= 0.667(0.333(39.01 ) + 0.667(40.01 )) 

+ 0.333(0.333(5.96)  + 0.667(24.36)) 

= 0.667(39.677) + 0.333(18.227)  = 32.53 
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For  R projection: 


= 5.96 1 sin  60  cos30|+  32.99  | sin  60  sin  30 1 + 53.48 1 cos  60 1 


= 4.470  + 14.285  + 26.74  = 45.50 


For  E projection: 


A„  = ^(5.96  sin  60  cos  30)^  + (37.99  sin  60  sin  30)^  + 53.48  (cos  60)' 


= \/(4.470)2  + (14.285)2  + (26.74)2  = 50.64 
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Mr  Force  Systems  Command 
Andrews  AFB,  DC  20334 

Attn:  AFSC/DLCAA  (P.  L.  Sandler) 

Air  Force  Test  and  Evaluation  Center 
Kirtland  AFB,  NM  87115 

Attn:  AFTEC/JT  (MAJ  Palmer) 

Air  Force  Weapons  Laboratory 
Kirtland  AFB,  NM  87117 

Attn:  APWL/PGV  (MAJ  H.  Rede) 

Attn:  AFWL/SATL  (A.  F.  Gunther) 

Armament  Development  and  Test  Center 
Eglin  AFB,  FL  32542 

Attn:  ADTC/DLOSL  (Technical  Library) 

Attn:  ADTC/TESTW/TGPE  (M.  H.  Forbragd) 

Attn:  ADTC/XR  (C.  T.  Maney) 

Attn:  ADTC/XRL 


Army  Air  Mobility  R&D  Laboratory 
Eustls  Directorate 
Fort  Eustis,  VA  23604 

Attn:  SAVDL-EU-MOS  (H.  W.  Holland) 

Attn:  SAVDL-EU-MOS  (J.  D.  Ladd) 

Attn:  SAVDL-EU-MOS  (S.  Poclluyko) 

Attn:  SAVDL-EU-MOS  (J,  T.  Robinson) 


Army  Aviation  Systems  Command 

P.  0.  Box  209 

St.  Louis,  MO  63166 

Attn:  DRCPM-ASE  (J.  Keaton) 

Attn:  DRCPM-ASE-TM  (E.  F.  Branhof) 

Attn:  DRCPM-ASE-TM  (MAJ  Schwend) 

Attn:  DRCPM-ASE-TM  (S.  P.  Smith) 

Attn:  DRCPM-ASH  (R.  J.  Braun) 

Attn:  DRSAV-EI  (CAPT  W,  D.  Wolfinger) 


Army  Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  MD  21005 


Attn:  DRXBR-TB 

Attn:  DRXBR-TB 

Attn:  DRXBR-VL 

Attn:  DRXBR-VL 

Attn:  DRXBR-VL 

Attn:  DRXBR-VL 

Attn:  DRXBR-VL 

Attn:  DRXBR-VL 

Attn:  DRXBR-VL 


(J.  T.  Frasier) 
(C.  L.  Grabarek) 
(R.  G.  Bernier) 
(A.  J.  Hoffman) 
(J.  R.  Jacobson) 
(0.  T.  Johnson) 
(R.  Mayerhofer) 
(D.  W.  Mowrer) 
(D.  L.  Rlgotti) 
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Army  Electronics  Command  j 

Fort  Monmouth,  NJ  07703  \ 

Attn:  DRSEL-CT-A  (J.  P.  Hakim)  j 

Attn:  DRSEL-GG-EM  (C.  Goldy)  j 

Attn:  DRSEL-GG-TD  (Commander)  i 

Attn:  DRSEL-WL-A  (M.  Alder)  ] 

Attn:  DRSEL-WL-A  (R.  F.  Giordano) 

Army  Electronics  Command  j 

Electronic  Warfare  Laboratory  i 

White  Sands  Missile  Range,  NM  88002  ] 

Attn:  DRSEL-WLM-AD  (T.  A.  Atherton) 

Attn:  DRSEL-WLM-AD  (L.  E.  Garret) 

Attn:  DRSEL-WLM-AD  (R.  Vasquez)  i 

Army  Foreign  Science  and  Technology  Center 

220  Seventh  St.  NE  i 

Charlottesville,  VA  22901 

Attn:  DRXST-WSl  (J.  M.  Blake) 

Attn:  DRXST-WS4  (E.  R.  Mclnturff) 

Army  Materials  and  Mechanics  Research  Center 
Watertown,  MA  02172 

Attn:  DRXMR-EM  (A.  A.  Anctll)  i 

Attn:  DRXMR-ER  (F.  C.  Quigley)  \ 

Attn:  DRXMR-K  (S.  V.  Arnold)  j 

Attn:  DRXMR-MI  (C.  F.  Hickey,  Jr.)  1 

Attn:  DRXMR-TE  (J.  Adachi) 

Attn:  DRXMR-TM  (E.  M.  Lenoe)  | 

Attn:  DRXMR-XC  (E.  S.  Wright)  - ] 


Army  Materiel  Systems  Analysis  Activity 
Aberdeen  Proving  Ground,  MD  21005 
Attn:  DRXSY-AA  (Director) 

Attn:  DRXSY-AAM  (R.  F.  Mathias) 
Attn:  DRXSY-AAS  (W.  B.  Paris) 

Attn:  DRXSY-AD  (H.  X.  Peaker) 

Attn:  DRXSY-ADG  (A.  S.  Henderson) 

Attn:  DRXSY-J  (J.  J.  McCarthy) 

Army  Missile  R&D  Command 
Redstone  Arsenal,  AL  35809 
Attn:  DRDMI-DS  (R.  B.  Clem) 

BMDSCOM,  Research  Park 
Huntsville,  AL  35807 

Attn:  PATRIOT  Project  Office 
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Chief  of  Naval  Operations 
Washington,  DC  20350 

Attn:  OP- 506  (Head,  A/C  & Weapons  Rqmts  Br) 

Attn:  OP-962  (G.  Haerlng) 

Attn:  OP-982E3  (CAPT  W.B.  Hospevec) 

Attn:  OP-987  (Director  R&D  Plans  Div.) 

Combat  Development  Experimentation  Command 
155th  Aviation  Co. 

Ford  Ord,  CA  93941 

Attn:  (Attack  Helicopter  Group) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Annapolis,  MD  21402 

Attn:  Code  2851  (R.  0.  Foemsler) 

David  W.  Taylor  Naval  Ship  R&D  Center 
Bethesda,  MD  20084 

Attn:  Code  1740.2  (F.  J.  Fisch) 

Attn:  Code  1740.2  (H.  F.  Hackett) 

Attn:  Code  1740.3  (M.  L.  Salive) 

Attn:  Code  522 

Defense  Advanced  Research  Projects  Agency 
1400  Wilson  Blvd. 

Arlington,  VA  22209 
Attn:  S.  Zakanycz 

Defense  Documentation  Center 
Cameron  Station,  Bldg.  5 
Alexandria,  VA  22314 

Attn:  DDC-TCA,  (12  copies) 

Defense  Systems  Management  College 
Ft.  Belvoir,  VA  22060 
Attn:  W.  Schmidt 

Department  of  Transportation  - FAA 
2100  Second  St.,  SW,  Rm  1400C 
Washington,  DC  20591 

Attn:  ARD-520  (R.  A.  Kirsch) 

FAA/NAFEC 

Atlantic  City,  NJ  08405 

Attn:  ANA-430  (W.  D.  Howell) 

Attn:  ANA-64  (NAFEC  Library) 
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Foreign  Technology  Division  (AFSC) 
Wright-Patterson  AFB,  OH  A5433 
Attn:  FTD/ETWD  (C.  W.  Gaudy) 

Attn:  FTD/NICD 

HQ  SAC 

Qffutt  AFB,  NB  68113 

Attn:  CINCSAC/XPFS  (MAJ  B.  G.  Stephan) 

Attn:  JSTPS/JPTB  (MAJ  C.  0.  Cox) 

Attn:  NRI/STINPO  Library 

Marine  Corps  Development  Center 
Quantico,  VA  22134 

Attn:  D-042  (MAJ  W.  Waddell) 

Attn:  D-091  (LT  COL  J.  Glvan) 

NASA  - Ames  Research  Center 
Army  Air  Mobility  R&D  Laboratory 
Mail  Stop  207-5 
Moffett  Field,  Ca  94035 

Attn:  SAVDL-AS  (V.L.J.  Di  Rito) 

Attn:  SAVDL-AS-X  (F.H.  Immen) 

NASA  - Johnson  Spacecraft  Center 
Houston,  TX  77058 

Attn:  ES-5  (F.S.  Dawn) 

Attn:  JM-6  (R.W.  Bricker) 


NASA  - Lewis  Research  Center 
21000  Brookpark  Rd, 

Mail  Stop  500-202 
Cleveland,  OH  44135 

Attn:  Library  (D.  Morris) 

Naval  Air  Development  Center 
Warminster,  PA  18974 

Attn:  Code  063  (MAJ  W.  Boeck) 

Attn:  Code  2043  (L.  M.  Rakszawski) 

Attn:  Code  30C  (R.  A.  Ritter) 

Attn:  Code  30222  (D.  F.  Pulley) 

Attn:  Code  303  (E.  J.  McQuillen) 

Attn:  Code  40A  (D.  A.  Manclnelli) 

Attn:  Code  5420  (D.  V.  M.  Green) 

Actn:  Code  5422  (R.  H.  Beliveau) 

Attn:  Code  5422  (R.  S.  Hall,  Jr.) 

Attn:  Code  5422  (M.  C.  Mitchell) 

Attn:  Code  5422  (C.  E.  Murrow) 

Attn:  Code  5422  (B.  Vafakos) 

Attn:  Code  5423  (B.  L.  Cavallo) 
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Naval  Air  Propulsion  Test  Center 
Trenton,  NJ  08628 

Attn:  ADI  (W.  G.  Hawk) 

Attn:  PE3A  (J.  Mendrala) 

Attn:  PE62  (F.  L.  Rusted) 

Naval  Air  Systems  Command 
Washington,  DC  20361 

Attn:  AIR-03PAF  (CDR  R.  C.  Gibson) 

Attn:  AIR-0 3PA4  (T.  S.  Momiyama) 

Attn:  AIR- 350 

Attn:  AIR-360D  (R.  Thyberg) 

Attn:  AIR-503W1  (E.  A.  Thibault) 

Attn:  AIR-5204 

Attn:  AIR-5204A  (D.  Atkinson) 

Attn:  AIR-5204J  (LT  COL  R.  T.  Remers) 

Attn:  AIR-53031  (R.  0.  Lutz) 

Attn:  AIR- 5 30 31 3 (R.  D.  Hume) 

Attn:  AIR- 532 3 

Attn:  AIR-53242  (C.  F.  Magee) 

Attn:  AIR-53242B  (W.  R.  McAninch) 

Attn:  AIR-53603B  (G.  W.  Gigioli) 

Attn:  AIR-954  (Tech.  Library) 

Naval  Intelligence  Support  Center 
4301  Suitland  Rd. 

Washington,  DC  20390 

Attn:  NISC-3323  (R.  E.  McGuire) 

Naval  Material  Command 
Washington,  DC  20360 

Attn:  MAT-0331  (H.  G.  Moore) 

Naval  Postgraduate  School 
Monterey,  CA  93940 

Attn:  Code  53WG  (P.  C.  C.  Wang) 

Attn:  Code  57BT  (M.  H.  Bank) 

Naval  Research  Laboratory 
4555  Overlook  Ave.,  SW 
Washington,  DC  20375 

Attn:  Code  2627  (Director) 

Attn:  Code  4109  (J.  M.  MacCallum) 

Attn:  Code  5470  (R.  D.  Mlsner) 

Attn:  Code  5550  (J.  R.  Anderson) 

Attn:  Code  5730  (E.  E.  Koos) 

Attn:  Code  6373  (W.  J.  Ferguson) 

Attn:  Code  6410  (J.  T.  Schrlempf) 

Attn:  Code  8432  (H.  L.  Smith) 
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Naval  Sea  Systems  Command 
Washington,  DC  20362 

Attn;  SEA-03511  (C.  H.  Pohler) 

Attn:  SEA-6543  (F.  W.  Sieve) 

Naval  Ship  Engineering  Center 
Hyattsvllle,  MD  20782 

Attn:  Code  6105D  (Y.  H.  Park) 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Dahlgren,  VA  22448 

Attn:  DC- 10  (J.  E.  Ball) 

Attn:  DG-10  (S.  Hock) 

Attn:  DG-10  (T.  L.  Wasmund) 

Attn;  DG-104  (T.  H.  McCants) 

Attn:  DK  20  (H.  P.  Caster)  | 

Attn:  DK-2301  (B.  W.  Montrlef) 

Attn:  DT-51  (J.  F.  Horton)  j 

Attn:  Library  (A.  D.  Hopkins)  1 


Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

Attn:  WA-11  (L.  C.  Dixon) 

Attn;  WA-11  (E.  F.  Kelton) 

Attn:  WU-41  (J.  C.  Hetzler) 

Attn:  WX-21  (Library) 

Naval  War  College 
Newport,  RI  02840 
Attn:  President 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Attn;  Code  31  (M.  M.  Rogers) 

Attn;  Code  3121  (R.  R.  Wahler) 
Attn:  Code  3123  (W.  K.  Fung) 

Attn:  Code  31701  (M.  H.  Keith) 

Attn:  Code  318  (H.  Drake) 

Attn:  Code  318  (C.  Padgett) 

Attn:  Code  3181  (C.  B.  Sandberg) 

Attn:  Code  3183  (G.  Moncsko) 

Attn;  Code  35033  (W.  W.  West) 

Attn:  Code  3831  (M.  E.  Backman) 

Attn:  Code  3943  (W.  L.  Capps,  Jr.) 
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Office  of  Naval  Research 
Arlington,  VA  22217 

Attn:  Code  210  (D.  C.  Lauver) 

Attn:  Code  474  (N.  Perrone) 

Pacific  Missile  Test  Center 
Point  Mugu,  CA  93042 

Attn:  Code  0160  (A.  R.  Burge) 

Attn:  Code  1332  (J.  R.  Bok) 

Attn:  Code  1332  (W.  E.  Chandler) 

Attn:  Code  1332  (B.  E.  Nofrey) 

Attn:  Code  4253-3  (Technical  Library) 


Pleat Inny  Arsenal 
Dover,  NJ  07801 

Attn:  SARPA-AD-C  (S.  K.  Elnblnder) 

Rock  Island  Arsenal 
Rock  Island,  IL  61201 

Attn:  DRSAR-PPV  (D.  K.  Koteckl) 

Attn:  DRSAR-RDG  (L.  J.  Art loll) 

Attn;  DRSAR-SAS  (S.  Olsen) 

Attn:  SARRl-LR  (C.  S.  Hicks) 

Warner  Robins  Air  Logistics  Center 
Robins  AFB,  GA  31098 

Attn;  WRALC/MMET  (LT  COL  G.  G.  Dean) 

Aeroqulp  Corp. 

Subsidiary  of  Libbey-Owens  Ford  Co. 
f 300  S.  East  Ave. 

: Jackson,  Ml  49203 

Attn:  R.  Rogers 

■ AlResearch  Manufacturing  Co.  of  California 

A Division  of  the  Garrett  Corp. 
f 2525  W.  190th  St. 

f Torrance,  CA  90509 

Attn:  Library 

Analytic  Services  Inc. 

' 5613  Leesburg  Pike 

Falls  Church,  VA  22041 

Attn:  Chief  Librarian  (F.  G.  Binlon) 

Armament  Systems,  Inc. 

712-F  North  Valley  Street 
Anaheim,  CA  92801 
Attn:  J.  Musch 
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Arnold  Research  Organization,  Inc. 

Arnold  AFS,  TN  37389 

Attn:  T.  J.  Glllard,  ETF 

A.  T.  Kearney  and  Company,  Inc. 

Caywood-S chiller  Division 

100  South  Wacker  Drive 

Chicago,  IL  60606 
Attn:  P.  C.  Hewett 

Attn:  R.  H.  Rose 

AVCO 

Lycoming  Division 

550  So.  Main  St. 

Stratford,  CT  06467 
Attn:  H.  F.  Grady 

AVCO 

Systems  Division 

Lowell  Industrial  Park 

Lowell,  MA  01851 
Attn:  R.  Rouleau 

Battelle  Memorial  Institute 

505  King  Ave. 

Columbus,  OH  03201 

Attn:  J.  H.  Brown,  Jr. 


Beech  Aircraft  Corp. 

9709  E.  Central  Ave. 

Wichita,  KS  67201 

Attn:  Engineering  Library  (T.  R.  Hales) 

Bell  Helicopter  Textron 
Division  of  Textron  Inc. 

P.O.  Box  482/Hwy  183 
Fort  Worth,  TX  76101 
Attn:  J.  F.  daggers 

Attn:  J.  R.  Johnson 

Attn:  E.  A.  Morris 

Boeing  Vertol  Company 
A Division  of  the  Boeing  Co. 

P.O.  Box  16858 
Philadelphia,  PA  19142 

Attn:  J.  E.  Gonsalves,  M/S  P32-19 

Attn:  M/S  P32-01 
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Booz ‘Allen  Applied  Research 
362  Beal  Parkway  N.W. 

Fort  Walton  Beach,  FL  32548 
Attn:  W.  R.  Day 

Calspan  Corp. 

f P.O.  Box  235 

Buffalo,  NY  14221 

Attn:  Library  (V.  M.  Young) 

GDI  Corp. 

I M & T Co. 

2130  Arch  St. 

^ ‘ Philadelphia,  PA  19103 

Attn:  R.  L.  Hall 

Attn:  E.  P.  Lorge 

Center  for  Naval  Analyses 
1401  Wilson  Blvd 
Arlington,  VA  22209 

Attn:  P.  E.  DePoy,  OEG 

5 Cessna  Aircraft  Co. 

Wallace  Division 
P.O.  Box  1977 
Wichita,  KS  67201 

Attn:  B.  B.  Overfleld 

COMARCO  Inc 
1417  N.  Nonna 
Ridgecrest,  CA  93555 

Attn;  F.  Stone,  2 copies 

E-Systems  Inc. 

Greenville  Division 
P.O.  Box  1056 
Greenville,  TX  75401 

Attn:  C.  H.  Hall,  8-55200C 

Attn:  Librarian,  8-51120  (J.  Moore) 

Fairchild  Industries,  Inc. 

Fairchild  Republic  Co. 
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Falcon  Research  and  Development  Co. 

2350  Alamo  Ave.  SE 
Albuquerque,  NM  87108 
Attn:  W.  L.  Baker 

Falcon  Research  and  Development  Co. 

696  Fairmount  Ave. 

Baltimore,  MD  21204 
Attn:  J.  A.  Silva 

General  Dynamics  Corp. 

Convair  Division 
P.O.  Box  80877 
San  Diego,  CA  92138 

Attn:  Research  Library,  MZ  652-10  (U.J.  Sweeney) 

General  Dynamics  Corp. 

Fort  Worth  Division 
Grants  Lane,  P.O.  Box  748 
Fort  Worth,  TX  76101 

Attn:  P.  R.  deTonnancour/G.  W.  Bowen 

Attn:  Tech  Library,  M2  2246 

General  Electric  Co. 

Aircraft  Engine  Business  Group 
1000  Western  Ave. 

West  Lynn,  MA  01910 

Attn:  E.  L.  Richardson,  ELM,  24055 
Attn:  J.  M.  Wannemacher 

General  Electric  Co. 

Aircraft  Engine  Business  Group 
Evendale  Plant 
Cincinnati,  OH  45215 

Attn:  AEG  Technical  Information  Center  (J.  J.  Brady) 

General  Research  Corp. 

P.O.  Box  3587 
Santa  Barbara,  CA  93105 
Attn:  R.  Rodman 

Attn:  Tech  Information  Office  (K.  S.  Tammen) 

Goodyear  Aerospace  Corp. 

1210  Massillon  Rd. 

Akron , OH  44  315 

Attn:  T.  L.  Shubert,  D/910 

Attn:  H.  D.  Smith,  D/490G-2 

Attn:  J.  E.  Wells,  D/959 

Attn:  Library,  D/152G,  (R.  L.  Vittitoe/J.  R.  Wolfe rsberger) 
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Grumman  Aerospace  Corp. 

South  Oyster  Bay  Rd. 

Bethpage,  NY  11714 

Attn:  J.  P.  Archey  Jr.,  D/662-E-14,  Plant  05 

Attn:  R.  W.  Harvey,  D/661,  Plant  05 

Attn:  H.  L.  Henze,  D/471,  Plant  35 

Attn:  Technical  Information  Center,  Plant  35  (J.  Davis,  C.  W.  Turner) 

Hughes  Helicopters 
A Division  of  Summa  Corp. 

Centinela  & Teale  St. 

Culver  City,  CA  90230 

Attn:  R.  E.  Rohtert , 15T288 

Attn:  Library,  2/T2124  (D.  K.  Goss) 

Institute  for  Defense  Analyses 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Attn:  J.  Metzko,  WSEG 

Attn:  P.  Okamoto,  DIMO 

Attn:  F.  G.  Parsons,  WSEG 
Attn:  J.  R.  Transue 

ITT  Research  Institute 
10  West  35  Street 
Chicago,  IL  60616 
Attn:  I.  P incus 

JG  Engineering  Research  Associates 
3831  Menlo  Dr. 

Baltimore,  MD  21215 

Attn:  J.  E.  Greenspon 

Kaman  Aerospace  Corporation 
Old  Wins or  Rd. 

Bloomfield,  CT  06002 

Attn:  H.  E.  Showalter 

Lockheed-California  Co. 

A Division  of  Lockheed  Aircraft  Corp. 

P.O.  Box  551 
Burbank,  CA  91520 

Attn:  L.  E.  Channel 

Attn:  C.  W.  Cook,  75-84 

Attn:  Technological  Information  Center,  84-40 
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Lockheed-Georgia  Co. 

A Division  of  Lockheed  Aircraft  Corp. 

86  S.  Cobb  Drive 
Marietta,  GA  30063 

Attn:  D.  R.  Scarbrough,  72-08 

Attn:  Sci-Tech  Info  Center,  72-34  (T.  J.  Kopkin) 

Martin  Marietta  Corp. 

Orlando  Division 
P.O.  Box  5837 

Orlando,  FL  32805  ' 

Attn:  Library  (M.  C.  Griffith) 

McDonnell  Douglas  Corp. 

3855  Lakewood  Blvd. 

Long  Beach,  CA  90846 

Attn:  Technical  Library,  Cl  290/36-84 

McDonnell  Douglas  Corp. 

P.O.  Box  516 
St.  Louis,  MO  63166 
Attn:  ' R.  D.  Detrlch 
Attn:  R.  A.  Eberhard 

Attn:  M.  Meyers 

Attn:  Library 

New  Mexico  Institute  of  Mining  and  Technology 
Campus  Station 
Socorro,  NM  87801 
Attn:  Tera 

Northrop  Corp. 

Aircraft  Division 
3901  W.  Broadway 
Hawthorne,  CA  90250 

Attn:  J.  H.  Bach,  3680/35 
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